27 It has been suggested that early cry parameters are connected to later cognitive abilities. The present 28 study is the first to investigate whether the acoustic features of infant cry are associated with 29 cognitive development already during the first year, as measured by oculomotor orienting and 30 attention disengagement. Cry sounds for acoustic analyses (fundamental frequency; F0) were 31 recorded in two neonatal cohorts at the age of 0-5 days (Tampere, Finland) or at 6 weeks (Cape 32 Town, South-Africa). Eye-tracking was used to measure oculomotor orienting to peripheral visual 33 stimuli and attention disengagement from central stimuli at 8 months (Tampere) or at 6 months 34 (Cape Town) age. In the Tampere cohort, a marginal positive correlation between fundamental 35 frequency of cry (F0) and visual attention disengagement was observed; infants with a higher 36 neonatal F0 were slower to shift gaze away from the central stimulus to the peripheral stimulus.
37 However, a similar correlation was not observed in the Cape Town cohort. No associations between 38 F0 and oculomotor orienting were observed in either cohort. We discuss possible factors 39 influencing the discrepancy in results between the cohorts and suggest directions for future research 40 investigating the potential of early cry analysis in predicting later cognitive development. The ability to produce rapid shifts of gaze to stimuli appearing in a new spatial location, 122 typically measured as saccadic reaction time, matures in early infancy and its variations correlate 123 with later cognitive development [7] . For example, infants with longer latency of saccades to 124 peripheral target stimuli were shown to score lower on standardized IQ measures at 4 years of age 125 (Dougherty & Haith, 1997 
205
In addition to the primary analyses, we ran additional analyses including only those infants 206 whose cry was captured from the beginning of a cry bout. This was done to enable more direct 207 comparisons with the Cape Town cohort in which the cry recordings were always captured from the 208 beginning of the cry bout. Thus, this analysis controlled the possible influence of the location of the 209 cry sample in the recording. For these analyses, 29 and 28 infants were included in the oculomotor 210 orienting and attention disengagement analyses, respectively.
211 Cape Town cohort
212
The data for the Cape Town cohort was obtained from a larger research project in 213 collaboration with the Department of Psychiatry at the University of Stellenbosch. Participants were 214 enrolled in this study at the age of 6 weeks (mean = 44,73 days, SD = 3,34 days) between January 215 2014 and May 2015 and they participated in the follow-up registration at 6 months (mean = 187.85 216 days, SD = 13.838 days) of age. Similarly to the Tampere cohort, the infants did not have any kind 217 of abnormalities in the neck area, nor a history of recent airway suctioning, which may influence 218 the voice. Likewise, the other exclusion criteria were concordant with the Tampere cohort.
219
Cry recordings were obtained from a total of 100 infants. The follow-up assessment was 220 completed by 73 infants. Of these, 5 infants needed to be excluded because of the age criteria at cry 221 recording and 4 because there were less than 3 expiratory cry utterances in the recording. Three 222 infants were excluded because of not being full-term ( 37 weeks). Birthweight data was not 223 available for this cohort, and none of the infants had perinatal asphyxia or a brain MRI finding. 
229
Within the cohort in the primary analysis, there were 14 infants exposed to prenatal SSRI 230 medication. Therefore, to control the possible influence of SSRI medication, additional analysis 231 were conducted after excluding these participants, resulting in 37 and 42 infants in the oculomotor 232 orienting and attention disengagement analyses, respectively. In both the analyses a proportion of 233 mothers had psychiatric problems such as depression and anxiety disorders. This was due to the 234 interests in the larger research project, from where the data was captured. 
298
Before recording the data, the eye-tracker was calibrated by using a 5-point calibration 299 script and Tobii SDK calibration algorithms. We repeated the calibration two times if one or more 300 calibration points were missing or inadequate. We used the final calibration in case none of the 301 calibrations produced an adequate result.
302
The tasks (i.e., oculomotor orienting and attention disengagement) were both divided in two 303 blocks that were presented in alternate order starting with the first block of the oculomotor orienting 
374
The procedure for eye tracker calibration was similar for that used in the study in Tampere.
375 Oculomotor orienting was measured with a visual search task (adapted from [43] and explained in 376 detail in [44]). In this task, an image of a red apple (5° visual angle) was presented on the center of 377 the screen, accompanied by an oh sound. After the infant had looked at the stimulus and 2000 ms 378 had elapsed (or a maximum wait period of 4000 ms had elapsed), the infant saw a blank screen for 379 500 ms, followed by the re-appearance of the apple in a randomly chosen location. The apple was 380 presented alone (one-object condition), among four or eight identical distractors (multiple-objects 381 condition), or among four to eight different types of distractors (conjunction condition). There was 382 a total of eight trials per condition. To obtain a similar measure for oculomotor orienting as in the 383 Tampere cohort, we extracted orienting latencies from the data collected in the one-object 384 condition, and averaged these latencies for each child to obtain a measure of oculomotor orienting.
385
In the disengagement task, infants saw two stimuli with a 1000 ms onset asynchrony. The 
Statistical Analyses

395
We performed the statistical analyses with SPSS version 25.0 (IBM Corp., Armonk, NY).
396 The alpha level for statistical significance was set at .05. All the variables were normally distributed 397 according to Kolmogorov-Smirnov tests. We studied the associations between infant cry and later 398 visual attention with Pearson's two-tailed correlation coefficients. In the Tampere cohort, we 399 conducted additional analyses to control for the location of the cry sample in the cry bout by 400 including only those infants whose cry sequence was from the beginning of a bout. In the Cape 401 Town cohort, we conducted an additional analysis to control for the possible influence of prenatal 402 SSRI medication by including only those infants without prenatal SSRI exposure. In the Tampere 403 cohort there were no infants with SSRI exposure and in the Cape Town cohort all the cry samples 404 were from the beginning of a cry bout.
405 Results 406 407 As can be observed from Table 2 , the analysis within the Tampere cohort showed a marginal 408 positive correlation between F0 and attention disengagement. When F0 was higher, the dwell time 409 index was larger, i.e., the infants were slower to shift gaze away from the central stimulus to the 410 distractor stimulus. A similar but a larger correlation was observed in the additional analysis 411 including only those infants whose cry sequence was captured from the beginning of a bout. A 412 similar correlation between F0 and attention disengagement was, however, not found in the Cape 413 Town cohort, neither in the primary analyses nor in the analysis where infants with exposure to 414 prenatal SSRI medication were excluded.
415
There were no statistically significant correlations between F0 and oculomotor orienting. 
441
The lack of correlation between neonate cry and oculomotor orienting in the current cohorts 442 could be due to the early maturation of oculomotor orienting, which could result in rather low 443 variability in saccadic reaction times in infants from typically developed cohorts at 6 and 8 months.
444 Indeed, the variability in oculomotor orienting times were moderately low in the current cohorts, 445 and the variability of saccadic reaction times in the attention disengagement task was significantly 446 higher than variability in the oculomotor orienting task. Both F0 and oculomotor orienting have 447 been indicated to reflect later cognitive functions, and the brainstem and vagal nerve to have 448 important roles in their regulation. A distinctive difference between the two attention 449 measurements, i.e., oculomotor orienting and disengagement, is that in the disengagement task, 450 attention needs to be disengaged from a stimulus at fixation, whereas in the oculomotor orienting 451 task, shifts of attention indicate a reaction to a new stimulus appearing on a blank screen. This 452 difference may render the disengagement task cognitively more demanding. Matsuzawa et. al. [33] 453 observed significant differences in the maturation of these two components of attention.
454 Disengagement times decreased markedly from 2 ½ months to 6 months of age, and changed only 455 little from 6 months up to 1 year. In contrast, oculomotor orienting seemed to have matured before 456 the first measurement at 2 ½ months and showed only minor changes within the studied age period.
457 Additionally, saccadic reaction times in the disengagement task at 2 ½ months were approximately 458 double compared to saccadic reaction times in the oculomotor orienting task, and approached the 459 speed of oculomotor orienting at 6 months. Thus, differences in the maturational timing of the two 460 components of attention may have influenced our results, considering that the eye-tracking 461 registrations were captured at 6 or 8 months. Future studies may benefit from measuring 462 oculomotor orienting at an earlier age.
463
Nevertheless, the difference between the maturation of oculomotor orienting and 464 disengagement does not explain why there was a correlation between F0 and attention 465 disengagement only in the Tampere cohort but not in the Cape Town cohort. Considering the lack 466 of correlation between F0 and attention disengagement in the Cape Town cohort we will first pay 467 attention to the age differences at the time of cry recording between the cohorts. Secondly, we 468 discuss the potential influence of early caregiver-infant interaction on the observed pattern of 469 results.
470
There is a consensus that early cry reflects the development of the 
